A quantitative assay using a neutralization medium was In clinical settings, aqueous quaternary ammonium compounds and other chemical agents have been frequently used and misused as instrument disinfectants (6, 14, 16) . Large patient volume, limited instruments, and time constraints are invariably encountered in such practices. Under these conditions, clinically useful disinfectants may not be effective because the actual exposure of instruments to various solutions is usually less than that required for proper disinfection. Even though clinical personnel are quite stringent in preparing proper disinfectant concentrations, the recommended interaction time between instruments and disinfectants is frequently ignored and forgotten (3). In addition, the use of certain chemical agents may be questionable considering the many reports implicating disinfectant solutions as sources of nosocomial infections (4, 7, 10, (13) (14) (15) . However, because of their efficacy against gram-positive bacteria and fungi, these agents may still be used in some busy clinics, especially those involved in dermatologic treatments (16 
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The bactericidal efficacy of many commercially available disinfectants has been well documented, but very little information exists on their fungicidal properties (5, 11 Inactivation of disinfectants. Dey-Engley (D/E) neutralizing medium was used in this study to inactivate the various disinfectants after timed exposures to fungal cells (8) . The composition of this medium and the identification of the various neutralizing components are shown in Table 2 . This medium was initially devised to inactivate residual quantities of disinfecting agents and also to permit growth of bacteria surviving exposure to various disinfectants (8) . In this investigation, a concentrated form (1.43x) of D/E medium was prepared and used so that it could be added directly to vessels containing fungi and disinfectants. Addition of this 1.43x neutralizing broth served to reduce the disinfectant concentration immediately, and it also lowered the neutralizing components to their normal (lx) concentration. Normal strength D/E broth was also prepared, but it was used primarily to wash fungal cells.
To determine the neutralizing capacity of the D/E medium, a series of viability experiments was devised using the yeast C. albicans as the test microorganism. The procedure involved adding 4.5 ml of concentrated (1.43 x) D/E medium to 2.0 ml of the various disinfectant solutions and allowing 5 min for inactivation (4.5 ml times a 1.43X concentration divided by a 6.5-ml total volume equals a 0.99x concentration of D/E medium, and 2 ml of disinfectant divided by a 6.5-ml total volume equals a 3.25-fold dilution of the recommended use dilutions). Exactly 0.2 ml of the C. albicans cell suspension was then added to these disinfectant-neutralizing medium solutions. After a 15-min exposure to these solutions, the yeast cells were pelleted by centrifugation at 5°C and suspended in 6.5 ml of normal strength D/E medium. Viability counts were then ascertained to determine whether any disinfectant was still active in the presence of the neutralizing components. Controls in these experiments included exposing yeast cells to disinfectant solutions diluted with sterile distilled water (2 ml of disinfectant and 4.5 ml of H20) and to concentrated D/E medium diluted with sterile distilled water (4.5 ml of concentrated medium and 2 ml of H20).
Fungicidal disinfectant assay. The quantitative assay as developed for fungicidal evaluation of various disinfectants in timed experiments was as follows. (i) Add 0.25 ml of a cell suspension (known concentration) to 3.75 ml of disinfectant solution yielding 4 ml of the use dilution concentration containing viable cells. For controls, 0.25 ml of the cell suspension was added to 3.75 ml of sterile distilled water. The use dilutions of the disinfectants were as recommended for instrument disinfection, except for Sonacide, which was prepared as a 50% solution ( Appearance of fungal colonies on Sabouraud slants was interpreted as survival of the fungus of the timed exposure to the disinfectant. In each experiment, viability counts of the controls were ascertained to determine the number of viable cells that were exposed to the disinfectant solutions. With this assay, as few as 10 viable cells could be detected per milliliter of the final suspended volume.
RESULTS
Inactivation of disinfectants. To test the neutralizing capability of D/E medium, viability studies were performed with C. albicans. All of the disinfectants were diluted with either concentrated D/E neutralizing broth or sterile distilled water. After a 5-min interaction with disinfectant and the D/E broth components, viable numbers of C. albicans cells were exposed for 15 min to these solutions as well as to the water-diluted disinfectants (Table 3) .
At the concentrations indicated, most of the water-diluted disinfectants were effective in killing 6.6 x 106 CFU of C. was not unexpected since D/E medium contains no effective neutralizing agent against alcohols ( Table 2) . The results (Table 3 ) demonstrate that five of the seven disinfectants were totally inactivated when concentrated D/E broth was added to these chemical solutions. The concentrations of these five disinfectants were maximal for the neutralizing capacity of the D/E medium because the survival rate of C. albicans (6.4 x 106 CFU) at higher concentrations was less than 100% for these disinfectants (data not shown). In addition, the results also indicate that D/E medium was not toxic to the yeast cells since the 6.4 x 106 CFU in the D/E medium control compared favorably to the 6.6 x 106 CFU in the sterile water control.
Complete inactivation of the Sonacide and ethyl alcohol products was obtained when these disinfectants were diluted further to lower concentrations. Sonacide (6.3%) in the presence of D/E broth was totally inactivated within 5 min, and 100% of the yeast cells survived the subsequent 15-min exposure (Table 4 ). In the absence of neutralizing medium, however, this 6.3% concentration killed about 89% of the viable C. albicans cells. Higher concentrations of the Sonacide product were only partially inactivated when diluted with D/E medium ( Table 4) . Neutralization of Sonacide thus required that the concentration be reduced to 6.3% with D/E broth. This represents an eightfold dilution of the initial 50% solution.
In reference to the ethyl alcohol product, some neutralization appeared to occur when the concentration was reduced to 11.6% (Table 4 ). Whereas 11.6% alcohol did kill 47% of the yeast inoculum after the 15-min exposure, this same concentration diluted with D/E broth yielded 100% survival of 6.2 x 106 CFU of C. albicans. This apparent inactivation of the alcohol product was probably due to the presence of organic matter in the D/E broth, the inoculum, or both because no specific neutralizing component was present in the medium for alcohol inactivation.
Fungicidal evaluation of disinfectants. The quantitative fungicidal assay developed as described above was used to test various fungi against disinfectants at their recommended use dilution concentrations in timed experiments. After 15-, 30-, and 60-min exposures of fungal cells to these agents, the fungus-disinfectant solutions were diluted 3.25-fold (8-fold with the Sonacide and alcohol products) with D/E neutralizing medium to inactivate the various disinfectants rapidly. The results of these timed experiments are presented in Tables 5 and 6. ANTIMICROB. AGENTS CHEMOTHER. Most of the fungi tested were not susceptible to the Goldicide product, which was the least effective disinfectant in this investigation (Table 5 ). This quaternary ammonium formulation was unable to kill the resistant members of many fungal cell populations, even after a 60-min exposure to this agent (Table 6 ). The Wescodyne product was also ineffective against many fungi in the 15-min interaction time but improved somewhat after a 30-min exposure (Table 5) . Nevertheless, E. floccosum, A. niger, and A. fumigatus all survived a 60-min exposure to Wescodyne (Table 6 ). Other disinfectants, such as the Amphyl and Sporicidin products, were more effective in their fungicidal activities after 15-to 30-min interaction times but, once again, resistance to these agents was encountered in cell populations of A. fumigatus and A. niger (Tables 5 and 6 ). In contrast to these results, all of the fungi tested were effectively killed by the Alcide-LD product and the alcohol product after a 15-min exposure.
Viable cell populations of 104 to 106 CFU were found to be susceptible to these highly effective disinfectants ( The most resistant fungi encountered in this study were cell populations of A. fumigatus and A. niger. These two fungi survived not only 60 min of exposure to the Goldicide, Wescodyne, and Sporicidin products but also a 90-min interaction with these disinfectant formulations (data not shown). A. fumigatus also demonstrated resistance to the action of the Amphyl product after 60-and 90-minute exposures. The only disinfectants that were effective against these Aspergillus species in the 15-to 30-min time period were the Alcide-LD, Sonacide, and ethyl alcohol products. Therefore, even though all of the disinfectants used in this investigation are considered to be fungicidal by the Association of Official Analytical Chemists suspension test, only the latter three were unequivocally shown to be effective against the various fungi tested.
The resistance displayed by A. fumigatus strongly emphasizes the need to use this fungus as a test microorganism in evaluating disinfectants. Chemical agents should not be classified as fungicidal based solely on their efficacy against one test organism, namely T. mentagrophytes, as is currently required (5). This microorganism is not the most resistant fungus according to our quantitative findings and the results of another study (18). It thus seems appropriate to suggest that A. fumigatus should be primarily used as the test organism, possibly along with C. albicans and T. mentagrophytes as other test fungi in the evaluation of disinfectants. A fungicidal agent should be able to kill a standard quantitative population of the most resistant fungus after a reasonable exposure to the recommended use dilution. Otherwise, questionable disinfectants will continue to be used and abused in clinical settings where their fungicidal classification will be assumed to mean effectiveness against all fungi that contaminate instrument surfaces.
